Cell-free extracts of a strain of Proteus vulgaris degrade NADH to reduced nicotinamide riboside, adenosine and two molecules of phosphate. The system is weakly active in fresh cell extracts, but activity is increased about 10-fold on rapid heating to 70-100'C. On returning to room temperature, the activity returns rapidly to its initial low value but can be re-activated by again heating to 70-1000C. Reversible activation can also be effected by extremes of pH or by treatment with 8 M-urea. Activation appears to be due to reversible changes in conformation of the protein of the enzyme rather than to combination of the enzyme with a heat-labile inhibitor. The active form can be stabilized by addition of PPi. The system, which also possesses 5'-nucleotidase activity not separable from the NADH pyrophosphatase, requires Co2+ (0.4mM) for maximum activity. Although activated at relatively high temperatures, it is not enzymically active until cooled to 50-60'C. It may be purified by affinity chromatography (with NAD+ as ligand) to an activity over 400 times that of the crude cell extract, and yields only one major band on polyacrylamide-gel electrophoresis.
In studies in this Department on the oxidation of NADH, the rapid decline in A340 after addition of cell extracts of Proteus vulgaris to NADH ceased when the A340 was still 20-30 % of the original value. (Similarly, when NADH was incubated anaerobically with Proteus extracts and oxaloacetate added later, the malate dehydrogenase reaction did not cause complete loss of A340.) Extracts of several other bacteria, as expected, oxidized NADH completely under similar conditions (J. D. McGarry, personal communication) . Preliminary studies showed that the Proteus strains investigated degraded NADH enzymically to reduced nicotinamide riboside, adenine and Pi. The A340 of reduced nicotinamide riboside is identical with that of NADH, but the substance is not oxidized by NAD+-linked dehydrogenases. NAD+-or NADH-hydrolysing systems had been reported in Proteus vulgaris (Swartz et al., 1956 (Swartz et al., , 1958 and in Staphylococcus aureus and Staphylococcus albus (Swartz & Merselis, 1962) . Unusual features of these systems included a substantial stimulation of activity on addition of Co2+ at the surprisingly high concentration of 5 mm, and a remarkable activation of the enzyme through heating at 100°C; this they attributed to a combination of heat-stable enzyme and a thermolabile inhibitor. Swartz et al. (1958) found that NAD+-splitting activity (EC 3.6.1.9) was accompanied by a 5'-nucleotidase activity (EC 3.1.3.5). They did not Vol. 175 isolate either the enzyme or the thermolabile inhibitor as separate entities. Neu (1967a Neu ( ,b, 1968 reported both Co2+ activation and a thermolabile inhibitor effect when investigating 5'-nucleotidases from a number of bacteria; the enzyme from Proteus also showed a low extent of NADH hydrolysis. Mather & Knight (1969) have reported in Pseudomonas fluorescens an enzyme destroying NAD+, heat-stable but accompanied by a heat-labile inhibitor. There was no accompanying 5'-nucleotidase, and the products were nicotinamide ribotide and AMP. Our Proteus system shared some of the properties of the enzyme described by Swartz et al. (1958) (Fiske & SubbaRow, 1925) . The control (enzyme added immediately before the trichloroacetic acid) was subtracted.
Protein. This was determined as described by Lowry et al. (1951) , with bovine serum albumin as standard.
Material for affinity chromatography. Sepharose 4B (Pharmacia, Uppsala, Sweden), with NAD+ attached through a C6 spacer arm provided by e-aminohexanoic acid, was activated by the method of Cuatrecasas (1970) ; the remainder of the preparation was carried out as described by Larsson & Mosbach (1971) . Sepharose-NAD+ was prepared as described in the Materials and Methods section and its specificity checked as follows. (1) Neither bovine serum albumin nor lactate dehydrogenase was retained by SepharosewithouttheNAD+ligand. (2) Bovine serum albumin was not retained by Sepharose-NAD+. Lactate dehydrogenase was retained on a Sepharose-NAD+ column and eluted by buffer containing its specific coenzyme NADH (0.15mM). Heat-activated NADH pyrophosphatase preparation was retained on the Sepharose-NAD+ column and eluted only by buffer containing 0.15mM-NADH. Although Co2+ was required for maximum activity of the enzyme, retention by Sepharose-NAD and elution by NADH occurred irrespective of whether Co2+ was present or not. The enzyme did not bond to Sepharose-NAD+, however, in the presence of 10mM-PPI. Crude preparations show pyrophosphatase activity, so PP1 may be a substrate for the enzyme and thus prevent attachment to NADH. For these experiments the enzyme was heat-activated in the absence of PP1 and the chromatography and enzyme assays of the fractions were performed as rapidly as possible.
Results

Loss of activity in crude cell
Enzyme (0.5 unit; 0.94mg of protein in 3ml) obtained by heating a preparation (in 30mM-Tris/ HCI, pH7.4, without PPI) was applied immediately to a column (10cm x 0.6cm) of Sepharose-NAD+ followed by 12ml of 'plain' buffer (30mM-Tris/HCI, pH7.4); no enzyme was eluted. Buffer containing 0.15mM-NADH was now added and 3ml fractions were collected. Chromatography was carried out at 4°C and a flow rate of 1 ml/Smin. Almost all the activity was in the first 3ml fraction; this had an activity of 0.15 unit; it fell to 0.06 unit after dialysis (30mM-Tris/HCI, pH 7.4, 4h, 4°C), but increased to 0.44 unit on heating in the presence of 10mM-PPI. Purification of the enzyme Affinity chromatography provided highly-purified samples of the enzyme though only in small amounts. A crude preparation (100ml containing 63mg of protein) was activated by heating with PPi, yielding 16.5 enzyme units. Denatured protein was removed by centrifugation (38000g, 15min, 4°C); 27.5ml of I % protamine sulphate (in 30mM-Tris/HCl buffer, pH7.4) was added after stirring for 30min at 4°C and the precipitate was centrifuged (38 000g, 15 min, 4°C). Then 150pmol of CoCl2 in 12.5ml of water was added and after standing for 19h at 4°C the preparation was centrifuged (38 000g, 15min, 4°C) and the supernatant dialysed against 2 x 2 litres of 30mM-Tris/HCl buffer, pH7.4 (6h and 15h at 40C) The volume was now 132 ml and contained 31 mg of protein and 20.6 units of enzyme. This represents rather more activity than the starting material, but it had been noted on several occasions that treatment with protamine sulphate caused some rise in activity.
Of the above material, 54ml (8.4 units of enzyme and 12.7mg of protein) was loaded in two 27ml batches on to the Sepharose-NAD+ column described in the previous section, and, after washing with 30mM-Tris/HCl buffer, pH7.4, the column was eluted with the same buffer containing 0.05 mM-NADH (4 x 3 ml fractions collected), 0.10mM-NADH (3 x 3 ml fractions) and 0.15 mM-NADH (2 x 3 ml fractions). Some (Zweig & Whitaker, 1967) , only one major band of activity was seen, but five faint minor bands were detectable.
5'-Nucleotidase activity
Since AMP is split rather faster than NADH, only free phosphate, rather than nucleotides, can be detected as products of the action of the enzyme on NADH. Activation by heat and the requirement of PP, for stability are identical for the two activities.
The 5'-nucleotidase has a somewhat lower pH optimum (pH 6.5) and the enhancement of activity by added Co2+ occurs only below pH7.5. 5'-Nucleotidase activity was determined at each stage of purification; the ratio of activities towards AMP and to NADH was 3.76 for the starting material and 3.63 for the purified preparation; none of the fractions obtained gave ratios deviating significantly from these values.
Discussion
Heat-activated enzymes degrading NAD+ have been reported from a number of bacterial sources; that described by Swartz et al. (1958) showed the closest resemblance to the system now described. Even allowing for the different strains of Proteus used and the different conditions of growth and enzyme assay, important distinctions remained. The enzyme of Swartz et al. (1958) , once activated (by heating at 100°C in the presence of PPi), apparently retained its activity; they interpreted their results in terms of a thermostable enzyme being released from the cell along with a thermolabile inhibitor, and claimed that these two could be at least partially separated as individual entities. Our system showed a low activity even without heat activation; if heatactivated, its activity gradually declined on standing at room temperature (or 4°C) to about the pre-heating value, but could be re-activated almost fully on re-heating. Our system thus behaved as a single entity, which was converted into an active form at high temperatures or extreme pH, but reverted to the inactive form under normal conditions. The unitary concept was borne out by our failure to separate enzyme and inhibitor functions by heating at various temperatures, by dialysis after heating or by chromatography on either Sephadex or an affinity-chromatography system. The latter is particularly noteworthy, since this would fail to differentiate between an enzyme and inhibitor only if they both combined with the substrate (NAD+) with the same degree of affinity. Heating thus does not remove an inhibitor; rather, it brings about conformational changes that render the enzyme active, and the stabilizing function of PPi must be to assist in holding the enzyme in this configuration. The activation/inactivation changes do not appear to affect the substrate-binding group directly, since the 'inactive' form of the enzyme is bound to, and eluted from, Sepharose-NAD+ in a manner identical with the active form.
Although the enzyme shows considerable stability at high temperatures, it is active only below about 50°C (cf. Swartz et al., 1958) . Presumably, on cooling from high temperatures, two conformational changes occur: a rapid change, at about 50°C, giving rise to an active enzyme, and a much slower reversion to the inactive (or relatively inactive) form in which the system is present before heating.
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